Introduction
When human blood is analysed haemoglobin can interfere with the optical detection of the analyte of interest. Therefore, one of the first steps of bioanalytical measurements in human whole blood is the extraction of plasma. This is usually done by centrifuging the whole blood sample and separating the plasma, a time consuming process that also requires additional equipment.
The project "Biosens II" aims to analyse folic acid with a lab-on-a-chip (LOC) device. Such a device consists of several modules aligned in a row to reduce time and labour, minimize the sample volume and fully automate the analysis by implementing all of the analysis steps on one single chip. The first module (the socalled pre-treatment module) transports the whole blood sample into a microchannel structure, where most of the erythrocytes will be separated.
Some restrictions apply when designing such a pretreatment module. First, most of the microfluidic-based erythrocytes separators can handle only diluted human blood to achieve high separation efficiency. Second, only some of the microfluidic-based erythrocytes separators work continuously without clogging. Third, COP is one of the preferred substrate materials for LOC devices due to the good optical and biocompatibility properties. However, to the best of our knowledge no information about haemoglobin/erythrocytes adsorption on COP has been published yet. The aim of this study was to design and evaluate a pre-treatment module regarding the efficiency for haemoglobin/erythrocytes adsorption of COP and the reduction of haemoglobin concentration.
Methods
The pre-treatment module was manufactured into a COP-based (Zeonor ® 1060R, Zeon Chemicals) chip. It consists of three macro-to-micro interfaces (inlet, outlet and separation interface) and a microchannel structure in between. Macro-to-micro interfaces and the microchannel structure are based on the work of Sabourin et al. [1] and Rodríguez-Villarreal et al. [2, 3] . All macro-to-micro interfaces were manufactured by micro-milling. The microchannel structure was either micro-milled or hot embossed. Micro-milled and hot embossed microchannel structures were manufactured with short and long serpentine separation channels each (Fig. 1) . Micro-milled channels show fivefold greater channel widths than hot embossed channels. The whole COP chip was bonded with VIEWSeal TM foil (Greiner Bio-One, Kremsmünster, Austria). Whole blood samples were obtained [4] and homogenized. To determine the adsorption of haemoglobin/erythrocyte to COP, blood samples were pumped into the microchannel structure via the inlet interface by using a syringe pump. Output samples were collect-ed in a glass capillary attached to the outlet interface. To determine the reduction of haemoglobin concentration, cell reduced plasma samples were collected in glass capillaries attached to the separation interface. All collected samples were processed with Drabkin's Reagent (Sigma Aldrich Co, Saint Lois, USA) and the haemoglobin concentration was measured photospectroscopically at 540 nm. The efficiency of haemoglobin/erythrocytes adsorption of COP and the reduction in haemoglobin concentration was calculated as the ratio of haemoglobin concentration in the collected sample to the whole blood sample.
Results
The haemoglobin recovery in the collected output samples was 98.8 ± 3.0% (n=5) for micro-milled COP and 99.6 ± 1.1% (n=5) for hot embossed. Currently our results for the reduction of haemoglobin concentrations are based on micro-milled channel structures only. Fig. 2 shows the absorption spectra of whole blood and collected plasma samples by using short and long serpentine separation channels. Only the largest reduction of haemoglobin concentrations per channel structure is shown. By using the short serpentine separation channel we found a 22.3% reduced haemoglobin concentration in the collected plasma sample (Fig. 2 dashed) compared with 67.1% when using the long serpentine separation channel (Fig. 2 dotted) . 
Discussion
In addition to the good optical properties and high biocompatibility of COP, a very low haemoglobin adsorption was found for both manufacturing methods. The presented results could thus be important for further developments.
Based on the low haemoglobin adsorption, we conclude that the achieved reduction of haemoglobin concentrations depends only on the channel design. Additionally we were able to show that the longer separation channel improves the reduction of the haemoglobin concentration by more than 33% when using 6 ml whole blood. The maximal reduction of haemoglobin (67.1%) is still too small to analyse folic acid without any interferences, but Rodríguez-Villarreal et al. [2] have been able to show that this separation method is capable of separating 97.05 ± 0.05% of the erythrocytes of whole blood.
Future improvements will focus on a further reduction of haemoglobin concentrations by using hot embossed channel structures and a long serpentine separation channel. Furthermore, we aim to reduce the blood sample volume needed and to implement the pretreatment module into the whole LOC device to provide plasma samples for the optical detection of folic acid.
